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[57] ABSTRACT 

An amplitude modulation system. An input analog signal 
indicating audio, etc., is converted into a digital form and the 
low-order bits of the resultant digital signal are converted 
into analog form. The resultant analog signal is used to 
control a gain of an analog controlled amplifier. On the other 
hand, a plurality of digitally controlled amplifiers are selec- 
tively turned on/off in response to the value of the high-order 
bits of the digital signal. Carrier amplified by the analog 
controlled amplifier are combined with carriers amplified by 
the plurality of digitally controlled amplifiers. Compara- 
tively rough amplitude constituents are provided by outputs 
of the plurality of digitally controlled amplifiers and com- 
paratively fine amplitude constituents are provided by output 
of the analog controlled amplifier. 

15 Claims, 6 Drawing Sheets 
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AMPLITUDE MODULATION METHOD AND to increase. As shown in FIG. 1, the distortion factor when 

BROADCASTING APPARATUS FOR the degree of modulation is 10% (that is, when the input 

CARRYING OUT THE METHOD audio signal amplitude is comparatively small) is about 10 

times higher than when the degree of modulation is 100% 
5 (that is, when the input audio signal amplitude is compara- 
tively large). 

BACKGROUND OF THE INVENTION 



1. Field of the Invention 

This invention relates to an amplitude modulation method ]Q 
and a broadcasting apparatus to which the method is appli- 
cable, and more particularly to technologies for simplifying 
the power amplifier and power supply circuit configuration. 

2. Description of the Related Art 

A digital modulation system that can be used with a fully 15 
solid state radio broadcasting apparatus is described in 
"Digitally Implemented Medium Frequency Transmitter 
And Its Application" written by Shinya HIRANO on pages 
119-125 of the April 1991 issue of Hoso Gijutsu (Broad- 
casting Technologies). 20 

In the modulation system, analog-to-digital (A/D) con- 
version of audio signals of modulation signals is first made 
by a 12-bit A/D converter to provide 12-bit digital audio 
signals. The high-order six bits of the digital audio signal are 
used to control the on-off states of 42 big step modules and 25 
the low-order six bits to control the on-off states of six 
binary modules. 

The big step modules and binary modules are power 
amplifiers which amplify RF carriers. The gains of the six 
binary modules are ^, 14, Vs, Vie, Vb, and VSw those of the big 
step modules respectively. RF outputs of the big step mod- 
ules and binary modules are added together, and the resultant 
RF signals are transmitted. Therefore, the amplitude of the 
resultant RF signal can be changed in big steps by selec- 
tively turning on and off the big step modules; it can be more 
finely changed by selectively turning on and off the binary 
modules. This shows that amplitude-modulated waves can 
be obtained as the resultant RF signals after combining by 
controlling the on-off states of the big step modules and 
binary modules. 

Thus, hitherto, a large number of power amplifiers whose 
on-off states can be controlled have been used to digitally 
generate amplitude-modulated waves. In the example given 
above, 42 big step modules and six binary modules, namely, 45 
48 power amplifiers are used in total. The configuration of 
a broadcasting apparatus is enlarged by using a large number 
of power amplifiers. Therefore, it is not economical to adopt 
such a configuration for a transmitter having a compara- 
tively small output capability of about 1 kW. _ 5Q 

Further, generally the power supply voltages of power 
amplifiers must be made different according the output 
specifications of the power amplifiers. In the example given 
above, the supply voltage of each big step module is 230V; 
the supply voltages of the four binary modules having 55 
outputs of Vz, l A t Va, and Vie that of the big step module are 
each 115V; and the supply voltages of the two binary 
modules having outputs V32 and Vca that of the big step 
module are each 30V. Thus, in the conventional apparatus, 
a number of voltages must be provided as power amplifier go 
supply voltages and complication of the power circuit con- 
figuration is inevitable. 

Further, since the modulation system described above 
adopts uniform quantization as the quantization method, 
quantizing noise increases rapidly as the amplitude of an 65 
audio signal input as a modulation signal becomes small. 
This causes the S/N ratio to lower and the distortion factor 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to provide a 
modulation system which can reduce the number of power 
amplifiers used to digitally generate amplitude-modulated 
waves, namely, an economical modulation system suitable 
for a transmitter having a comparatively small output capa- 
bility. 

It is another object of the invention to provide an eco- 
nomical modulation system which eliminates the need for 
using a number of power supplies with different specifica- 
tions to drive power amplifiers. 

It is a further object of the invention to provide a modu- 
lation system which can prevent quantizing noise from 
causing characteristic degradation. 

It is an additional object of the invention to form a 
broadcasting apparatus using the modulation system of the 
invention. 

It is another object of the invention to provide a harmonic 
distortion compensation circuit suitable for the modulation 
system of the invention. 

To these ends, according to one aspect of the invention, 
there is provided an amplitude modulation method compris- 
ing: 

a) a first step of converting low-order bits of an input 
digital signal into analog form for generating an analog 
signal for gain control; 

b) a second step of controlling a gain of an analog 
controlled amplifier by the analog gain control signal; 

c) a third step of controlling the state of a digitally 
controlled amplifier from on to off or from off to on 
according to high-order bits of the input digital signal; 
and 

d) a fourth step of combining an analog controlled ampli- 
fier output with a digitally controlled amplifier output 
for generating an amplitude-modulated wave. 

The analog controlled amplifier is responsive to the value 
of the analog gain control signal for amplifying and output- 
ting a carrier in analog form. The digitally controlled ampli- 
fier, when on, amplifies and outputs a carrier to a predeter- 
mined amplitude and when off, does not amplify or output 
it. 

According to another aspect of the invention, there is 
provided an amplitude modulation circuit comprising: 

a) digital-to-analog conversion means for converting low- 
order bits of an input digital signal into analog form to 
generate an analog signal for gain control; 

b) an analog controlled amplifier which is responsive to 
the value of the analog gain control signal for ampli- 
fying a carrier in analog form; 

c) a digitally controlled amplifying section which is 
responsive to the value of high-order bits of the input 
digital signal for digitally amplifying a carrier, and 

d) means for combining the carrier amplified in analog 
form with the digitally amplified carrier for generating 
an amplitude-modulated wave according to the digital 
signal. 
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According to the invention, there is provided a broadcast- 
ing apparatus comprising: 

a) digital-to-analog conversion means for converting low- 
order bits of an input digital signal having a program to 
be broadcasted into analog form to generate an analog 5 
signal for gain control; 

b) an analog controlled amplifier which is responsive to 
the value of the analog gain control signal for ampli- 
fying a carrier in analog form; 

c) a digitally controlled amplifier which is responsive to 
the value of high-order bits of the digital signal for 
digitally amplifying a carrier, and 

d) means for combining the carrier amplified in analog 
form with the digitally amplified carrier for generating 15 
an amplitude-modulated wave according to the digital 
signal. 

In the invention, the digitally controlled amplifier or the 
digitally controlled amplifying section is controlled accord- 
ing to the high-order bits of an input digital signal and the 20 
analog controlled amplifier is controlled according to the 
low-order bits. 

The digitally controlled amplifier or amplifying section is 
turned on or off in response to the value of the high-order 
bits of the digital signal. The digitally controlled amplifier or 25 
amplifying section amplifies a carrier to a predetermined 
amplitude. Thus, the comparatively rough amplitude con- 
stituents of the amplitude-modulated wave to be output are 
controlled according to the high-order bits of the digital 
signal. 30 

The gain of the analog controlled amplifier is controlled 
by an analog signal into which the low-order bits of the input 
digital signal are converted. The analog controlled amplifier 
amplifies a carrier with the gain conforming to the value of 
the analog signal. Thus, the comparatively fine amplitude 35 
constituents of the amplitude-modulated wave to be output 
are controlled according to the low-order bits of the digital 
signal. 

Since the invention adopts such a configuration, the 
number of power amplifiers used to digitally generate an 40 
amplitude-modulated wave can be decreased. This is indi- 
cated by the fact that a single analog controlled amplifier is 
used in place of the conventional binary modules. The 
configuration can be implemented because the low-order 
bits of an input digital signal into which an input analog 45 
signal is converted are again converted into analog form. As 
a result, an economical modulation system suitable for a 
comparatively small output transmitter can be provided. 

Further, since a plurality of binary modules are elimi- 
nated, a plurality of power supplies with different specifi- 50 
cations need not be used to drive the power amplifiers; an 
economical modulation system is also enabled from this 
aspect. 

If the number of quantization bits is increased to reduce 
quantizing noise, unlike the conventional case the number of 55 
binary modules does not increase. Therefore, quantizing 
noise can be prevented from causing characteristic degra- 
dation while the simple configuration is maintained. 

As described above, the invention adopts digital-to-ana- 
log conversion means. To use a general purpose D/A con- go 
verter as the digital-to-analog conversion means, harmonic 
distortion caused by settling introduces a problem. A har- 
monic distortion compensation circuit of the invention can 
be used in the invention and compensates for harmonic 
distortion caused by settling, the compensation circuit com- 65 
prising; 

a) a plurality of digital-to-analog converters, each of 
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which converts a digital signal into an analog signal 
wherein output of each of the digital-to-analog con- 
verters contains harmonic distortion caused by sealing; 

b) switch means for selectively supplying outputs of the 
digital-to-analog converters to the circuit at the follow- 
ing stage; and 

c) timing control means for operating the digital-to-analog 
converters alternately and controlling operation of the 
switch means in synchronization with the alternate 
operation so as to remove the harmonic distortion from 
the signal supplied to the following stage. 

In the invention, since the digital-to-analog converters are 
operated alternately and switch output is executed in syn- 
chronization with the alternate operation, even if the digital- 
to-analog converter output contains harmonic distortion 
caused by settling, the distortion can be removed, thereby 
remarkably improving the amplitude-modulated wave qual- 
ity. 

The input digital signal mentioned above may be gener- 
ated by converting an input analog signal containing audio 
information, etc., into digital form. As a technique of con- 
trolling the operation of the digitally controlled amplifier or 
amplifying section, the method can be adopted by which first 
the high-order bits of an input digital signal are convened 
into an on/off control digital signal which then is fed into the 
digitally controlled amplifier. Further, if the digitally con- 
trolled amplifying section is made up of a plurality of 
digitally controlled amplifiers, the bits of the on/off control 
digital signal may be related to the digitally controlled 
amplifiers. A carrier may be given by oscillation means to 
the analog controlled amplifier and the digitally controlled 
amplifying section. A supply voltage may be given by power 
supply means to the analog controlled amplifier and the 
digitally controlled amplifying section. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

FIG. 1 is a graph showing the relationship between degree 
of modulation and distortion factor and S/N ratio; 

FIG. 2 is a block diagram showing the configuration of a 
fully solid state medium frequency radio broadcasting appa- 
ratus according to a first embodiment of the invention; 

FIG. 3 is a chart for illustrating improvements according 
to a second embodiment of the invention: FIG. 3(a) shows 
a modulated waveform corrected by an analog controlled 
power amplifier; FIG. 3(b) shows an output waveform of an 
analog controlled power amplifier required to provide such 
a waveform; FIG. 3(c) shows an output waveform of a D/A 
converter required for this purpose; and FIG. 3(d) shows an 
actual D/A converter output waveform, particularly wave- 
form distortion caused by its settling time; 

FIG. 4 is a block diagram showing the configuration of a 
harmonic distortion compensation circuit used in the second 
embodiment of the invention; 

FIG. 5 is a block diagram showing the. configuration of a 
fully solid state medium frequency radio broadcasting appa- 
ratus according to the second embodiment of the invention; 
and 

FIG. 6 is a chart showing waveforms in the second 
embodiment of the invention: FIG. 6(a) shows an output 
waveform of D/A converter 16; FIG. 6(b) shows an output 
waveform of D/A converter 17; FIG. 6(c) shows a D/A 
switch signal waveform output from timing generator 18; 
and FIG. 6(d) shows a waveform output from change-over 
switch 20. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the accompanying drawings, there are 
shown preferred embodiments of the invention. 5 

First Embodiment 

FIG. 2 shows the configuration of a medium frequency 
radio broadcasting apparatus according to a first embodi- 
ment of the invention. This broadcasting apparatus is a fully 10 
solid state medium frequency radio broadcasting apparatus 
having a 1-kW output capability. 

The broadcasting apparatus comprises an A/D converter 1 
which converts program audio signals into 12-bit digital ]5 
audio signals, followed by a 12-bit latch circuit 2 which 
latches the digital audio signal output from the A/D con- 
verter 1. The low-order (LSB side) 8 bits of the digital audio 
signal latched by the latch circuit 2 are fed into a digital- 
to-analog (D/A) converter 3 and the high-order (MSB side) 20 
four bits are fed into a gate circuit 9, respectively. 

The D/A converter 3 converts the low-order 8 bits of the 
digital audio signal into analog form. A driver 4 following 
the D/A converter 3 amplifies the analog signal output from 
the D/A converter 3 and feeds the amplified analog signal 25 
into a modulator 5. The modulator 5 uses the analog signal 
fed from the driver 4 to amplitude-modulate a supply 
voltage fed from a power supply 6. 

An analog controlled power amplifier 7 is an amplifier 
whose gain can be controlled by an analog control signal fed 30 
from an external device or system as driving power. In the 
first embodiment, the gain of the analog controlled power 
amplifier 7 is controlled by the output signal of the modu- 
lator 5. The analog controlled power amplifier 7 amplifies 
carriers supplied from an oscillator 8. 35 

Therefore, the output amplitude of the analog controlled 
power amplifier 7 is controlled by the low-order 8 bits of the 
digital audio signal. The low-order 8 bits provide informa- 
tion on a comparatively fine amplitude in the digital audio 
signal. Thus, in the embodiment, comparatively fine ampli- 40 
tude constituents of large amplitude-modulated waves to be 
output by the broadcasting apparatus are obtained from the 
analog controlled power amplifier 7. 

Output of the analog controlled power amplifier 7 is 
combined with output of a digitally controlled power ampli- 
fying section 10 by a combiner 11. The digitally controlled 
power amplifying section 10 consists of 16 digitally con- 
trolled power amplifiers 101 to 116. 

Each of the digitally controlled power amplifiers 101 to 5Q 
106 is an amplifier whose on or off state can be controlled 
by a digital control signal fed from an external device or 
system. In the embodiment, the digital control signal is 
supplied from the gate circuit 9, The digitally controlled 
power amplifiers 101 to 116 amplify carriers supplied from 55 
the oscillator 8. 

The high-order four bits of the digital audio signal latched 
by the latch circuit 2 are fed into the gate circuit 9, as 
described above. The gate circuit 9 consists of, for example, 
a ROM, a latch circuit, etc., (not shown), and generates a 60 
12-bit signal corresponding to the 4-bit digital signal sup- 
plied from the latch circuit 2. The bits of the signal output 
from the gate circuit 9 correspond to the digitally controlled 
power amplifiers 101 to 116. 

Therefore, which or what combination of the digitally 65 
controlled power amplifiers 101 to 116 are to be turned on 
is determined by the value of the high-order four bits of the 
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digital audio signal. The high-order four bits of the digital 
audio signal provide information on comparatively rough 
amplitude constituents of the digital audio signal. Therefore, 
comparatively rough amplitude constituents as shown by the 
stepped waveform in FIG. 3(a) are obtained by combining 
outputs of the digitally controlled power amplifiers 101 to 
116. 

The combiner 11 combines outputs of the analog con- 
trolled power amplifier 7 and the digitally controlled power 
amplifiers 101 to 116. The combiner 11 combines outputs of 
the digitally controlled power amplifiers 101 to 116 for 
generating the amplitude constituents shown as the stepped 
waveform in FIG. 3(a) and further combines the amplitude 
constituents with the output of the analog controlled power 
amplifier 7 (the hatched portions in FIG. 3(b)) for generating 
large amplitude-modulated waves to be output from the 
broadcasting apparatus. The generated large amplitude- 
modulated waves are fed to an antenna system (not shown) 
as broadcasting apparatus output 

Therefore, according to the first embodiment, the number 
of power amplifiers used to digitally generate amplitude- 
modulated waves can be reduced. Tlie embodiment uses 
only 17 power amplifiers as one analog controlled power 
amplifier 7 and 16 digitally controlled power amplifiers 101 
to 116. It is clear that the number of power amplifiers is 
remarkably reduced compared with the prior art mentioned 
above in which 48 power amplifiers are used Therefore, a 
broadcasting apparatus having a comparatively small output 
capability such as 1 kW can be formed economically. 

The embodiment also eliminates the need for using a 
plurality of power supplies with different specifications in 
order to drive a plurality of power amplifiers. As compared 
with the prior art which requires a plurality of power 
supplies with different specifications because a plurality of 
small-output binary modules are used, the embodiment 
enables a remarkably simple configuration of the power 
supply 6, thus providing a more economical broadcasting 
apparatus. 

Hitherto, a method of increasing the number of quanti- 
zation bits has been used to prevent quantizing noise from 
causing characteristic degradation. In the conventional 
modulation system, an increase in the number of quantiza- 
tion bits leads to an increase in the number of power 
amplifiers and complication of the power circuit configura- 
tion. In contrast, in the embodiment, an increase In the 
number of quantization bits requires only an increase in the 
number of bits fed from the latch circuit 2 to the D/A 
converter 3. Therefore, an increase in the number of quan- 
tization bits in the embodiment does not lead to an increase 
in the number of power amplifiers or complication of the 
power "supply configuration. Thus, the embodiment enables 
the prevention of the quantization noise from causing char- 
acteristic degradation without increasing the number of 
power amplifiers or complicating the power supply configu- 
ration. 

The broadcasting apparatus according to the embodiment 
of the invention has a merit of simplifying the apparatus 
configuration without causing characteristic degradation 
even compared with fully solid state radio transmitters of the 
PWM (pulse width modulation) system widely applied at 
present, and thus can be popularized worldwide. 

Second Embodiment 

If a commercially available D/A converter is used as the 
D/A converter 3 mentioned in the first embodiment, settling 
introduces a problem. 

For example, to provide an amplitude-modulated wave- 
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form with no harmonic distortion as shown in FTG. 3(a), the 
analog controlled power amplifier 7 in the first embodiment 
must output a waveform as shown in FIG. 3(b). Since the 
gain of the analog controlled power amplifier 7 is controlled 
by output of the modulator 5, in its turn output of the D/A 
converter 3, the D/A converter 3 must also output a wave- 
form as shown in FIG. 3(c) to provide an amplitude- 
modulated waveform with no harmonic distortion. 

However, the commercially available D/A converter has a 
characteristic that its output is not rapidly settled. This 
characteristic is called settling and the settling occurring 
period is called the settling time. If the settling is remark- 
able, the D/A converter 3 outputs a waveform containing a 
slant caused by the settling time as shown in FIG. 3(d). This 
slant results in harmonic distortion in the output waveform 
of the analog controlled power amplifier 7. 

FIG. 4 shows the configuration of a harmonic distortion 
compensation circuit that can be used to eliminate such 
harmonic distortion. FIG. 5 shows the circuit configuration 
where the circuit shown in FIG. 4 is applied to a fully solid 
state medium frequency radio broadcasting apparatus, 
namely, the configuration of a broadcasting apparatus 
according to a second embodiment of the invention. Circuit 
parts identical with or similar to those previously described 
in the first embodiment are denoted by the same reference 
numerals in the second embodiment, and description is 
omitted. 

The harmonic distortion compensation circuit 12 in the 
embodiment is located at the stage following a latch circuit 
2, as shown in FIG. 5. The harmonic distortion compensa- 
tion circuit 12 converts a 8-bit signal supplied from the latch 
circuit 2, namely, the low-order 8 bits of a digital audio 
signal into analog form. The resultant analog signal, like the 
output of the D/A converter 3 in the first embodiment, is fed 
Yia a driver 4 into a modulator 5 to control the gain of analog 
controlled power amplifier 7. 

Unlike the D/A converter 3 in the first embodiment, the 
harmonic distortion compensation circuit 12 has a function 
which suppresses waveform distortion caused by settling or 
reduces it remarkably. This function is provided by the 40 
configuration shown in FIG. 4. 

As shown in FIG. 4, the harmonic distortion compensa- 
tion circuit 12 is provided with latch circuits 14 and 15 
wju^hjatch_8zbit_sign^j r ie^^ 

circuits 14 and 15 are followed by D/A converters 16 and 17 
respectivelyrTherefore7the low-order 8 bitsTatched by the 
latc^rircuir 14-areconveried imojuialog form b yjhe D/A ^ 

j_JL5.are converxediintotanalog^form byjheD/A^converter 17. 
The latch timings of the latch circuits 14 and 15 are given 
by a timing generator 18 which generates timing pulses 
synchronized with sampling clocks . of the latch circuits 14 
and 15. The timing pulses are fed via an inverter 19 into the 
latch circuit 14 and directly into the latch circuit 15. The 
latch circuits 14 and 15 latch the low-order 8 bits of the 
digital signal in response to the supplied timing pulse and its 
inverted pulse. Therefore, the latch timings of the latch 
circuits 14 and 15 become opposite in phase to each other. 

The latch circuits 14 and 15 operate in opposite phases to $q 
each other. Therefore, the D/A converters 16 and 17 output 
analog values into which the low-order 12 bits of digital 

signals received at different timings are conve rted 

C^The^ti^^ 

CZchange-over switch" 20 following jhe D/A conve rters 16 and _65^ 
[iT.TCiej^han^^ 20 islwitched in response tp~tHe 

timing^uTS : generated bythe timing generator 18. Output of 
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the change-over switch 20 is fed to the driver 4. 

FIG. 6 shows how switching of the change-over switch 20 
is controlled 

First, consider each of the latch circuits 14 and 15 latches 
data (low-order 8 bits) at the timing when a latch pulse 
which is high is supplied In this case, the latch circuits 14 
and 15 latch the low-order 8 bits at the timings when the 
timing pulse (D/A switch signal) shown in FIG. 6(c) goes 
high and low respectively. The D/A converters 16 and 17 
convert the low-order 8 bits of the digital signal latched by 
the latch circuits 14 and 15, respectively, into analog form. 
Therefore, the waveform resulting from converting the low- 
order 8 bits of the digital signal into analog form appears at 
the output of the D/A converter 16 in the period during 
which me timing pulse is high and at the output of the D/A 
converter 17 in the period during which the timing pulse is 
low. 

If D/A converters which can suppress settling can be used 
as the D/A converters 16 and 17, then the D/A converters 16 
and 17 output the waveforms denoted by the broken lines in 
FIGS. 6(a) and 6(b) respectively. In fact, the actual D/A 
converters output waveforms containing harmonic distortion 
caused by settiing. As a result of settling, the D/A converters 
16 and 17 output the waveforms denoted by the solid lines 
in FIGS. 6(a) and 6(b) respectively. 

In the embodiment, waveform distortion is caused by 
settling as shown in FIG, 6, but is not output to the driver 4 
because the change-over switch 20 is switched so as to send, 
in the following circuit, the output of the D/A converter 17 
while the settling distortion appears at the output of the D/A 
converter 16 or the output of the D/A converter 16 while the 
settling distortion appears at the output of the D/A converter 
17. 

In more detail, the D/A converters 16 and 17 output D/A 
conversion waveforms and settling waveforms at alternate 
timings because the corresponding timing pulses are oppo- 
site in phase to each other. Therefore, if the change-over 
switch 20 is switched in synchronization with the alterna- 
tion, only the D/A conversion waveforms with the settling 
waveforms eliminated can be output to the following stage. 
Since the alternate timings of outputs of the D/A converters 
16 and 17 are determined by the timing pulses generated by 
the timing generator 18, if the timing pulses are used to 
control the switch timing of the change-over switch, analog 
signals containing no settling waveforms, as shown in FIG. 
6(d). are provided. 

? Therefore, the embodiment offers the advantage of pro- 
viding high-grade amplitude-modulated waveforms with no 
harmonic distortion in addition to the advantage offered by 
the first embodiment. 

The invention does not limit the number of digitally 
controlled power amplifiers and does not limit the output 
capabilities of broadcasting apparatuses either. For example, 
the invention is applicable to a wide range of broadcasting 
apparatuses having output capabilities of 100 W to 100 kW 
or more. 
What is claimed is: 

1. An amplitude modulation method comprising: 
a first step of converting low-order bits of an input digital 
signal into analog form for generating an analog signal 
for gain control; 
a second step of controlling a gain of an analog controlled 

amplifier by the analog gain control signal; 
a third step of controlling state of a digitally controlled 
amplifier from on to off or from off to on according to 
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high-order bits of the input digital signal; 

a fourth step of combining the output of said analog 
controlled amplifier with the output of said digitally 
controlled amplifier for generating an amplitude-modu- 
lated wave, 5 

wherein said analog controlled amplifier is responsive to 
a value of said analog gain control signal for amplify- 
ing a carrier in analog form for output and said digitally 
controlled amplifier, when on, amplifies the carrier to a 
predetermined amplitude for output and when off, does 10 
not amplify or output it. 

2. The amplitude modulation method as claimed in claim 
1 further comprising a step of converting an input analog 
signal into said input digital signal. 

3. The amplitude modulation method as claimed in claim 15 
1 wherein said third step includes the steps of: 

converting the high-order bits of the input digital signal 

into a digital signal for on/off control; and 
feeding the on/off control digital signal into said digitally 

controlled amplifier for controlling the state thereof 20 

4. The amplitude modulation method as claimed in claim 
1 wherein said first step includes the steps of: 

providing a plurality of digital-to-analog converters; 

converting the low-order bits of the input digital signal 
into said analog form by each of said plurality of 25 
digital-to-analog converters wherein said analog signal 
output by each of said digital-to-analog converters 
contains harmonic distortion caused by settling; 

selecting one of the analog signals output by said digital- 
to-analog converters; 30 

supplying the selected analog signal to said analog con- 
trolled amplifier as said analog signal for gain control; 

successively operating said digital-to-analog converters; 
and 35 

executing the selecting step in synchronization with the 
successive operation of said digital-to-analog convert- 
ers for removing said harmonic distortion from said 
analog gain control signal. 

5. An amplitude modulation circuit comprising: 40 
digital-to-analog conversion means for converting low- 
order bits of an input digital signal into analog form to 
generate an analog signal for gain control; 

an analog controlled amplifier which is responsive to a 
value of the analog gain control signal for amplifying 45 
a carrier input from an oscillator; 

a digitally controlled amplifying section which is respon- 
sive to a value of high-order bits of the input digital 

- signal for amplifying the carrier input from said oscil- - 
lator; and . 50 

means for combining the carrier amplified by said analog 
controlled amplifier with the carrier amplified by said 
digitally controlled amplifying section for generating 
an amplitude-modulated wave according to said input 55 
digital signal. 

6. The amplitude modulation circuit as claimed in claim 
5 further including analog-to-digital conversion means for 
converting an input analog signal into said input digital 
signal. 60 

7. The amplitude modulation circuit as claimed in claim 
5 further including: 

means for converting the high-order bits of the input 
digital signal into a digital signal for on/off control; and 

means for feeding the on/off control digital signal to said 65 
digitally controlled amplifying section for controlling 
operation thereof. 
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8. The amplitude modulation circuit as claimed in claim 
S wherein said digitally controlled amplifying section com- 
prises a plurality of digitally controlled amplifiers, each of 
said plurality of digitally controlled amplifiers having an on 
state and an off state, each of which, when in the on state, 
amplifies the carrier to a predetermined amplitude for output 
and when in the off state, does not amplify or output the 
carrier, said amplitude modulation circuit further including: 

means for converting the high-order bits of the input 
digital signal into an on/off control digital signal con- 
sisting of a predetermined number of bits; and 

means for feeding the predetermined number of bits of 
said on/off control digital signal to the digitally con- 
trolled amplifiers corresponding to the predetermined 
number of bits for controlling operation of said digi- 
tally controlled amplifying section. 

9. The amplitude modulation circuit as claimed in claim 
5 further including means for oscillating the carrier. 

10. The amplitude modulation circuit as claimed in claim 
5 further including power supply means for supplying a 
supply voltage at least to said digitally controlled amplifying 
section. 

11. Trie amplitude modulation circuit as claimed in claim 
5 wherein said digital-to-analog conversion means com- 
prises: 

a plurality of digital-to-analog converters, each of which 
converts the low-order bits of the input digital signal 
into said analog form wherein the analog signal output 
by each of said digital-to-analog converters contains 
harmonic distortion caused by settling; 

switch means for selecting one of the analog signals 
output by said digital-to-analog converts and for sup- 
plying the selected analog signal to said analog con- 
trolled amplifier as analog gain control signal; and 

timing means for successively operating said digital-to- 
analog converters and controlling said switch means so 
as to select one of said analog signals in synchroniza- 
tion with the successive operation of said digital-to- 
analog converters for removing said harmonic distor- 
tion from said analog gain control signal. 

12. The amplitude modulation circuit as claimed in claim 
5 wherein said input digital signal is a signal containing 
audio information to be broadcasted. 

13. A broadcasting apparatus comprising: 

digital-to-analog conversion means for converting low- 
order bits of an input digital signal having a program to 
be broadcasted into analog form to generate an analog 
signal for gain control; 

an analog controlled amplifier which is responsive to a 
value of the analog gain control signal for amplifying 
a carrier input from an oscillator; 

a digitally controlled amplifier section which is respon- 
sive to a value of high-order bits of said input digital 
signal for amplifying the carrier input from said oscil- 
lator; and 

means for combining the carrier amplified by said analog 
controlled amplifier with the carrier amplified by said 
digitally controlled amplifying section for generating 
an amplitude-modulated wave according to said input 
digital signal. 

14. The broadcasting apparatus as claimed in claim 13 
wherein said digital-to-analog conversion means comprises: 

a plurality of digital-to-analog converters, each of which 
converts the low-order bits of the input digital signal 
into said analog form- wherein the analog signal output 
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by each of said digital-to-analog converters contains 
harmonic distortion caused by settling; 

switch means for selecting one of the analog signals 
output by said digital-to-analog converts and for sup- 
plying the selected analog signal to said analog con- 
trolled amplifier as analog gain control signal; and 

timing means for successively operating said digital-to- 
analog converters and controlling said switch means so 
as to select one of said analog signals in synchroniza- 
tion with the successive operation of said digital-to- 
analog converters for removing said harmonic distor- 
tion from said analog gain control signal. 

15. A harmonic distortion compensation circuit compris- 



ing: 



a plurality of digital-to-analog converters, each of which 
converts low-order bits of an input digital signal into an 
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analog signal wherein the output of each of said digital- 
to-analog converters contains harmonic distortion 
caused by settling; 

switch means for selecting one of the analog signals 
output by said digital-to-analog converters and for 
supplying the selected analog signal to a circuit at a 
following stage; and 

timing means for providing successive operation of said 
digital-to-analog converters and controlling operation 
of said switch means in synchronization with the suc- 
cessive operation of- said digital-to-analog converters 
so as to remove said harmonic distortion from the 
selected analog signal sent to said following stage. 
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